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Abstract: Multiple sclerosis (MS) is associated with both genetic and environmental factors that
influence disease susceptibility. Exposure to cigarette smoke is emerging as a viable envi-
ronmental risk factor for MS that contributes to both increased disease susceptibility and more
rapid disease advancement. The relative risk for MS development is approximately 1.5 for
smokers compared with nonsmokers. Furthermore, there may be important interactions
between smoking, an individual’s genetic background, and other environmental risk exposures.
This review summarizes the current evidence supporting the association of smoking with MS
risk and disease course, with additional comments on causation.
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Introduction
Multiple sclerosis (MS) is a central nervous

system inflammatory demyelinating disease with

complex etiological mechanisms [Compston

and Coles, 2008]. Putatively autoimmune in

origin, MS has both genetic and environmental

underpinnings. For example, an international

consortium recently used a very large dataset

to identify 29 disease susceptibility genes,

almost all of which have a direct or indirect

influence on the immune system [International

Multiple Sclerosis Genetics Consortium and

Wellcome Trust Case Control Consortium 2,

2011]. Leading environmental risk factor candi-

dates include infections (especially early-life

Epstein–Barr virus infection) and ultraviolet

light exposure and/or vitamin D status, though

many others have been explored [van der Mei

et al. 2011]. Most of these factors likely influ-

ence MS risk via complex gene–environment

interactions acting at an individual level.

Cigarette smoking is a relatively modern habit

that spread worldwide throughout the 20th cen-

tury, though it began much earlier in some

regions. Global consumption of cigarettes rose

more than 3-fold between 1950 and 2000

[World Health Organization Tobacco Free

Initiative, 2002a], a period during which MS

incidence, particularly in females, has been

observed to increase in most [Maghzi et al.

2010; Celius and Smestad, 2009; Orton et al.

2006b], but not all [Simpson et al. 2011],

places where it has been reliably studied.

Cigarette smoking prevalence varies geographically

and between men and women; rates for men

are generally higher except in some nations

where MS is highly prevalent, including Norway,

Sweden, and New Zealand, where male and

female cigarette consumption rates are roughly

equal [World Health Organization Tobacco Free

Initiative, 2002b]. To some degree, dose and dura-

tion of exposure can be quantified for an individ-

ual. Moreover, the toxic components of tobacco

smoke and its adverse health effects have been sub-

jects of intense study for decades. Therefore, not

only is smoking of interest as an environmental

influence on MS, but also its status as a risk

factor is supported by much more epidemiological

data than are available for most other investigated

risk factors. Knowledge about the biological effects

of smoking could also provide insight into disease

mechanism pathways in MS.

In this review we summarize the current evidence

that supports an association between smoking

and the risk of developing MS. It will also explore

the links between smoking and MS disease

course, such as the influence of smoking on mea-

sures of disease activity [i.e. clinical relapses and

magnetic resonance imaging (MRI) changes], the

risk of converting from a relapsing disease course

to one of inexorable progression, and the rate of

disability advancement. Finally, the status of
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smoking toward fulfilling detailed criteria for cau-

sation of MS will be analyzed.

Association of smoking with MS susceptibility
Some of the case–control studies and surveys

reported in the 1960s first detected associations

between smoking and MS risk or MS disease

activity. A population-based case–control study

from Israel revealed that a greater proportion of

MS patients had smoked before clinical MS onset

(44%) compared with the control group (36%;

p¼ 0.02), although the amount smoked did not

differ between patients and controls and rela-

tively low numbers of subjects smoked more

than 21 cigarettes daily [Antonovsky et al.

1965]. However, other studies, including a 1966

British survey that utilized national smoking

survey data for the control sample, found no over-

all association in smoking between MS patients

and controls sample [Simpson et al. 1966].

In the 1990s, a pair of prospective cohort studies

suggested possible associations between smoking

and MS risk, although the studies were designed

for other purposes. The Oxford Family Planning

Association (Oxford-FPA) study of contracep-

tion, in which 17,000 married women aged 25–

39 years were recruited at 17 family planning

clinics between 1968 and 1974, investigated the

relationships of parity, oral contraceptive use,

and other epidemiological and lifestyle factors

with MS risk [Villard-Mackintosh and Vessey,

1993]. Cigarette smoking status was one of the

variables found to be significantly associated with

MS. Thorogood and colleagues reported results

from another prospective British study, the Royal

College of General Practitioners’ Oral

Contraception Study, which initially recruited

over 46,000 women during the late 1960s

[Thorogood and Hannaford, 1998]. As with the

Oxford-FPA study, the evaluation of smoking-

related outcomes was not the primary goal of

the study. However, cigarette smoking was

assessed as a covariate potentially affecting the

influence of oral contraceptive use; smoking

status was recorded as none, 1–14 cigarettes

daily or �15 cigarettes daily at the time of recruit-

ment. Analysis of 1996 outcome data, with 51%

of the total potential woman-years of follow up

available from the original cohort (based on the

number of women enrolled and total follow-up

duration), showed that there was no significant

influence of smoking on MS risk, but there

were hints of a dose–response effect. Compared

with women who did not smoke at recruitment,

relative risks associated with future MS develop-

ment were 1.2 [95% confidence interval (CI)

0.9–2.2] for smokers of 1–14 cigarettes/day and

1.4 (95% CI 0.8–1.8) for smokers of �15 ciga-

rettes/day. Notably, this study evaluated incident

MS cases on the basis of the date of diagnosis

(always after recruitment) and data were not

obtained for smoking history following

recruitment.

The past decade has seen a marked increase in

the number of published investigations assessing

the link between smoking and MS susceptibility

and almost all have detected a significant detri-

mental effect. For example, a 2001 Canadian

case–control study detected a marginal overall

increase in MS risk in ever smokers compared

with never smokers [odds ratio (OR) 1.6, 95%

CI 1.0–2.4], but it clearly demonstrated a dose–

response effect, with the following odds ratios:

0.7 (95% CI 0.3–1.5) for 0–10 cigarettes/day,

1.4 (95% CI 0.8–2.4) for 10–20 cigarettes/day,

1.9 (95% CI 1.2–3.2) for 20–40 cigarettes/day,

and 5.5 (95% CI 1.7–17.8) for >40 cigarettes/

day [Ghadirian et al. 2001]. Data collected on

smoking and other lifestyle-related variables

referred to the year prior to the patient’s MS

diagnosis, making it susceptible to recall bias as

well as raising questions about temporality, spe-

cifically whether the smoking exposure estimate

accurately reflected true smoking status prior to

the first clinical symptoms of MS.

Some of the methodological issues noted above

were addressed by an evaluation of two cohort

studies of US women, the Nurses’ Health Study

(121,700 women aged 30–55 years at baseline in

1976) and the Nurses’ Health Study II (116,671

women aged 25–42 years at baseline in 1989)

[Hernan et al. 2001]. Smoking history was

assessed at baseline and updated with biennial

questionnaires; 315 definite or probable cases of

MS were documented by mid-1994 (first cohort)

and mid-1995 (second cohort). Compared with

that for women who never smoked, the relative

incidence rate was 1.6 (95% CI 1.2–2.1) among

current smokers and 1.2 (95% CI 0.9–1.6)

among past smokers after adjustment for poten-

tial confounders such as age, geographic latitude,

and ancestry. The relative rate increased signifi-

cantly with cumulative exposure to smoking (p

for trend< 0.05), from 1.1 (95% CI 0.8–1.6)

for 1–9 pack-years to 1.5 (95% CI 1.2–2.1) for

10–24 pack-years, and 1.7 (95% CI 1.2–2.4) for

�25 pack-years. This prospective cohort
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therefore confirmed an association, with the

power of a very large dataset, prospective

cohort design, reassessment of exposure at differ-

ent time points, addressing the temporal relation-

ship of exposure to diagnosis (but not necessarily

clinical disease onset), and a dose–response

effect.

In 2009, a large, multinational European case–

control study consistently noted that cigarette

smoking was associated with MS risk, with the

following odds ratios: Sweden, 1.5 (95% CI

1.3–1.8); Norway, 1.8 (95% CI 1.1–2.9); UK,

1.3 (95% CI 1.0–1.9) [Hedstrom et al. 2009].

This study also found that chronic use (�15

years) of moist snuff was associated with lower

MS risk (OR 0.3, 95% CI 0.1–0.8), suggesting

that factors inherent in smoked tobacco, but not

nicotine, could be implicated in MS risk. These

findings were largely replicated by a cohort study

of Swedish construction workers that assessed

the relationships of smoking and moist tobacco

use with MS and other inflammatory diseases,

such as rheumatoid arthritis, Crohn’s disease,

ulcerative colitis, and sarcoidosis [Carlens et al.

2010]. Ever smoking was associated with an

increased risk for all diseases studied except sar-

coidosis (lower risk) and the relative risk associ-

ated with MS was 1.9 (95% CI 1.4–2.6). In

contrast, ever use of moist snuff, adjusted for

smoking, was not associated with any of the dis-

eases (relative risk for MS 1.0, 95% CI 0.8–1.4).

The authors concluded that inhaled non-nicoti-

nic components of cigarette smoke are more

important than nicotine itself in the etiology of

these diseases.

Several other smaller case–control or cohort

studies have been published in the past decade;

overall, most [Rodriguez Regal et al. 2009;

Pekmezovic et al. 2006; Hernan et al. 2005;

Riise et al. 2003] but not all [Simon et al. 2010;

Silva et al. 2009; Russo et al. 2008] studies

showed that smoking is associated with increased

MS susceptibility. Handel and colleagues

updated a meta-analysis of published data con-

cerning smoking and MS risk [Handel et al.

2009]. Fourteen studies containing data on

3,052 MS patients and 457,619 controls were

examined using both a conservative analysis (lim-

ited to 10 studies in which smoking behavior was

described prior to MS onset) and a nonconserva-

tive analysis (all 14 studies, regardless of whether

smoking behavior was current or occurred prior

to MS onset). Smoking was associated with

increased MS susceptibility in both model analy-

ses (Figure 1; conservative, risk ratio 1.48, 95%

CI 1.35–1.63, p<10�15; nonconservative: risk

ratio 1.52, 95% CI 1.39–1.66, p< 10�19).

There were no significant influences on the

results when adjusted for median geographic lat-

itude or sex ratio. Of the 14 studies, 11 used a

case–control design (meta-analysis relative risk

1.49, 95% CI 1.35–1.66), whereas three were

cohort studies (meta-analysis relative risk 1.58,

95% CI 1.25–2.00) with similar relative risk esti-

mates (p¼ 0.65).

Some studies included in the meta-analysis sug-

gested a dose–response effect of smoking on MS

risk (Figure 2); however, methods of ascertain-

ment were not consistent (e.g. some studies eval-

uated pack-years and others cigarettes per day).

Figure 1. Forest plot of 10 studies included in conservative model meta-analysis of smoking and multiple
sclerosis risk [Handel et al. 2011].
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In a study using previously banked blood sam-

ples, Sundstrom and colleagues demonstrated

that cotinine levels, which are a measure of smok-

ing exposure, were increased in MS patients

compared with controls [Sundstrom et al.

2008]. Objective markers of smoking exposure,

especially in a longitudinal prospective dataset,

would enhance the understanding of the timing

and dose–response relationship between smoking

and MS susceptibility.

The timing of smoking risk pertinent to MS is

not fully understood. Maternal smoking during

pregnancy was found not to increase risk in

exposed children in one study [Montgomery

et al. 2008], but in another parental smoking

was noted as a risk for subsequent development

of MS in offspring [Mikaeloff et al. 2007]. A

recent population-based case–control study dem-

onstrated that MS risk was increased among

never smokers who had been exposed to passive

smoking (OR 1.3, 95% CI 1.1–1.6) compared

with never smokers who had never been exposed

[Hedstrom et al. 2011]. Moreover, MS risk

increased with increasing duration of exposure.

Because epidemiological data, especially migra-

tion studies, suggest that some environmental

influences on MS risk probably occur early in

life (prior to age 15 years), future research must

address the timing of both passive and active cig-

arette smoke exposure in addition to dose–

response effects and interactions with other puta-

tive risk factors.

Interactions between smoking, other environ-
mental factors, and genetics
The risk of MS results from both genetic and

environmental factors. It seems likely that indi-

vidual environmental factors not only indepen-

dently influence MS risk but also interact with

both other environmental influences and an

individual’s genetic background, perhaps through

several different direct or epigenetic mechanisms

[Handel et al. 2009; van der Mei et al. 2011].

Leading examples of environmental risk factors

include infection (especially with Epstein–Barr

virus) and vitamin D status (or exposure to ultra-

violet radiation) [Wingerchuk, 2011]. Effects of

relative vitamin D deficiency are likely to have an

impact early in life, Epstein–Barr virus infection

probably influences risk during adolescence or

early adulthood, primary smoking exposure can

occur from late childhood through adulthood,

and passive exposure to cigarette smoke can

occur in utero and any time thereafter [Handel

et al. 2010a]. Genetic susceptibility is increased

by human leukocyte antigen (HLA) DR15*1501.

The influence of each risk factor may be relatively

small, requiring detection with larger and more

powerful clinical, epidemiological, and genetic

datasets (as well as genetic science and technol-

ogy) than existed until very recently. Whereas

most case–control studies discussed in the previ-

ous section adjusted analyses for potential con-

founders such as age and geographic latitude,

newer studies are focusing intensely on determin-

ing the existence, magnitude, and mechanisms of

interactions relevant to these leading factors.

There are several recent examples of such multi-

factorial and hypothesis-directed mechanistic

investigations. Recent studies evaluating the pos-

sible role of vitamin D in regulating HLA-DRB1

expression showed that smoking enhanced the

association between high anti-Epstein–Barr

virus nuclear antigen (EBNA) titer and increased

MS risk but did not affect the association

between HLA-DR15 and MS risk

[Handunnetthi et al. 2010; Simon et al. 2010].

In a population-based Swedish case–control

study, there was a significant interaction

between two genetic risk factors (presence of

Figure 2. Forest plot of four studies included in a meta-analysis of smoking and the risk of secondary progres-
sive multiple sclerosis [Handel et al. 2011].

Therapeutic Advances in Neurological Disorders 5 (1)

16 http://tan.sagepub.com



HLA-DRB1*15 and absence of HLA-A*02)

among smokers but not among nonsmokers

[Hedstrom et al. 2011]. Compared with nonsmo-

kers with neither of the studied genetic risk fac-

tors, the odds ratio for MS was 13.5 (95% CI

8.1–2.6) for smokers with both genetic risk fac-

tors. The odds ratio for smokers without genetic

risk was 1.4 (95% CI 0.9–2.1) and the odds ratio

for nonsmokers with both genetic risk factors was

4.9 (95% CI 3.6–6.6). Among those with both

genetic risk factors, smoking increased MS risk

by a factor of 2.8 in those with both genetic risk

factors compared with a factor of 1.4 among

those without either genetic risk factor. Despite

these results, others have found that smoking

may not influence genetically loaded risk within

families [Jafari et al. 2009]. Efforts to use data

from genome-wide association studies to inte-

grate weighted genetic risk scores for MS suscep-

tibility with environmental factors have emerged

[De Jager et al. 2009]. There may be interactions

between environmental risk factors as well; for

example, current smoking and cumulative

tobacco consumption were associated with

higher levels of Epstein–Barr virus antibodies

[Nielsen et al. 2007].

Summary
In aggregate, current epidemiological data sug-

gest that cigarette smoking, but not other forms

of moist tobacco use, is associated with increased

MS susceptibility. A dose–response effect, with

higher consumption of cigarettes resulting in

greater risk, may also exist. There are likely

important interactions between smoking and

other environmental and genetic risk factors for

MS development.

Association of smoking with MS disease course
Observational studies suggest that cigarette

smoking may exert an influence on the course

of established MS. Outcomes that have been

linked to smoking effects include measures of dis-

ease activity (clinical relapses and development of

new lesions visible on MRI), more rapid conver-

sion from a first ever demyelinating clinical event

[also known as a clinically isolated syndrome

(CIS), typically optic neuritis or partial myelitis]

to confirmed MS, the rate of conversion from

relapsing–remitting to secondary progressive

MS, and the rate of neurological deterioration

once progressive MS has been established.

Evaluation of the magnitude of the effect of

smoking on the course of established MS may

shed light on underlying disease mechanisms

and is important because more than half of MS

patients smoke at some time [Marrie et al. 2009].

An association between cigarette smoking and

acute MS exacerbations was observed in the

1960s [Courville et al. 1964]. Smoking was also

linked to transient deterioration in motor perfor-

mance of ;10 minutes duration in 21 MS

patients compared with 11 healthy controls in

whom steady improvement was observed [Emre

and de Decker, 1992]. These data have not been

effectively duplicated.

Di Pauli and colleagues studied 129 CIS patients

with brain MRI white matter lesions and the

presence of cerebrospinal fluid oligoclonal

bands, both indicating high risk for future devel-

opment of confirmed MS [Di Pauli et al. 2008].

After follow up of 36 months, 75% of smokers

but only 51% of nonsmokers developed clinically

definite MS. Smokers had a significantly shorter

interval to their first relapse.The hazard ratio for

progression to clinically definite MS was 1.8

(95% CI, 1.2–2.8) for smokers compared with

nonsmokers (p¼ 0.008). The authors concluded

that smoking speeds conversion from CIS to con-

firmed MS.

Studies that evaluated the association of smoking

and MS progression or disability have also typi-

cally, though not always, detected a significant

relationship. For example, a cross-sectional

Dutch survey showed no effect of smoking on

disease progression or disability [Koch et al.

2007]. However, Hernan and colleagues found

that smoking increased the risk of conversion

from relapsing–remitting to secondary progres-

sive disease (hazard ratio 3.6, 95% CI 1.3–9.9,

for ever smokers compared with never smokers)

[Hernan et al. 2005]. A Swedish study of self-

report data from 122 newly diagnosed MS

patients found that, after a median of 6 years,

ever smokers were more likely to have progressive

disease compared with never smokers (p< 0.01)

[Sundstrom and Nystrom, 2008]. Moreover, the

effects on the rate of conversion to progressive

MS and earlier age of progression onset were

greatest in those who began smoking before age

15 years. Starting smoking early was also associ-

ated with a higher rate of primary progressive MS

when compared with never smokers (p¼ 0.012).

These findings were largely replicated by a larger

(n¼ 1465) study of MS patients studied using a

cross-sectional survey and a subsequent

DM Wingerchuk
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prospective follow up for a mean of 3.29 years

[Healy et al. 2009]. More than half (n¼ 780;

53.2%) were never smokers, 428 (29.2%) were

ex-smokers, and 257 (17.5%) were current smo-

kers. Current smokers had significantly worse

baseline function than never smokers in terms

of Expanded Disability Status Scale (EDSS)

score (adjusted p< 0.001), Multiple Sclerosis

Severity Score (MSSS; adjusted p<0.001), and

brain parenchymal fraction (adjusted p¼ 0.004).

In addition, current smokers were significantly

more likely to have primary progressive MS

(adjusted OR 2.41, 95% CI 1.09–5.34). At

follow up, progression to secondary progressive

disease occurred faster in smokers than in never

smokers (hazard ratio for current smokers versus

never smokers 2.50, 95% CI 1.42–4.41). In addi-

tion, brain MRI T2-weighted lesion volume

increased faster (p¼ 0.02) and brain parenchy-

mal fraction decreased faster (p¼0.02) in smo-

kers than in nonsmokers. Another prospective

study from Tasmania followed 203 MS patients

for a median of 909 days, finding a dose–response

effect (measured using cumulative pack-years) of

smoking on disability [Pittas et al. 2009]. Greater

consumption was associated with an increase in

longitudinal MSSS (p<0.001); similar findings

were noted when the EDSS was used as the dis-

ability outcome. Smoking during the cohort

period was not associated with relapse (cumula-

tive pack years smoked after cohort entry: hazard

ratio 0.94 per pack year, 95% CI 0.69–1.26).

A meta-analysis of four studies concluded that

there was significant between-study heterogene-

ity and a trend towards smoking increasing the

risk of secondary progressive MS (relative risk

1.88, 95% CI 0.98–3.61, p¼0.06) [Handel

et al. 2011].

Little is known about the effects of smoking on

response to disease-modifying MS therapies. A

small study of 31 MS patients using subcutane-

ous interferon-b revealed that smokers had a

much greater risk of developing neutralizing anti-

bodies that abrogate the effectiveness of the drug

[Sena et al. 2010].

Summary
The epidemiological evidence reported to date

suggests that smoking is probably associated

with a greater risk of conversion from relapsing–

remitting to secondary progressive MS. Early and

heavier cigarette consumption may increase the

risk of primary progressive MS compared with

a relapsing–remitting onset. Smoking may

increase the rate of conversion from CIS to con-

firmed MS and increase the rate of accumulation

of disability in established progressive forms of

MS. The effects of smoking on the response to

disease-modifying therapy are not known.

Smoking and MS: association and causation
Observational epidemiological studies, regardless

of design, can determine associations between

exposures and outcomes but cannot prove causa-

tion. However, the following criteria may be

examined to judge whether causation is

reasonable.

1. Strength of the association. The magnitude of
the effect of smoking on MS susceptibility is
small (relative risk ;1.5) but significant. The
magnitude of the effect of smoking on disease
course is also small and was not significant in
a meta-analysis. These findings do not
exclude causative effects of smoking but indi-
cate that it either influences a small biological
effect or an effect that is mitigated by other
causative influences.

2. Consistency. Although the individual studies
of MS susceptibility did not consistently
demonstrate significant effects on MS sus-
ceptibility, many of the studies were likely
insufficiently sensitive (underpowered) to
detect a small effect with precision.
Examination of the point estimates of relative
risk shows that they range from 1.09 to 1.90
but, notably, no study has demonstrated a
protective effect of smoking. Moreover, the
results are similar in different populations,
on different continents, and using different
study methods. Therefore, the data are con-
sistent in the direction of the effect of smok-
ing on MS risk. It remains possible, however,
that unknown confounders and biases inher-
ent to observational research could result in
consistent, though misleading, results. The
selection of the control group is also impor-
tant in this regard. For example, overrepre-
sentation of control patients with
autoimmune diseases, which are also associ-
ated with smoking, would influence the asso-
ciation between smoking and MS.

3. Specificity. The effects of smoking are not spe-
cific to MS risk as there are many other
known detrimental health effects. This
serves to highlight the problem of numerous
confounders associated with smoking behav-
ior, including baseline personality
traits (risk-taking behavior, addiction, and
co-addictions) [Hawkes, 2005], co-morbid
illnesses (e.g. a greater risk of upper
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respiratory tract infections, which are associ-
ated with increased risk of MS relapse)
[Sibley et al. 1985], and other factors. An
interesting example of this complexity is the
reported inverse link between MS and lung
cancer [Handel et al. 2011].

4. Temporal relationship. A critical issue in judg-
ing causation is whether the risk exposure
occurs prior to the outcome in question.
The methods of ascertainment of smoking
exposure vary widely between studies, some
using cross-sectional surveys for a one-time
assessment and others using multiple pro-
spective inquiries. This is particularly chal-
lenging for the question of MS risk because
the biological onset of the disease and the
factors that result in its clinical expression
are generally unknown.

5. Biological gradient. Demonstration of a dose–
response effect, whereby increased smoking
exposure results in a higher risk of MS,
strengthens a causal relationship; this has
not been firmly established but several indi-
vidual studies do show such a gradient. Some
of the methodological issues that affect the
evaluation of temporality also threaten the
validity of biological gradient data.
Prospective studies that use objective mar-
kers of smoking exposure could enhance the
data supporting this criterion.

6. Biological plausibility and (7) coherence.
Smoking markedly increased throughout the
20th century in many parts of the world and
is one of the factors that could have influ-
enced the increase in MS incidence and prev-
alence. Smoking in women, perhaps through
other genetic or environmental factors, could
also have influenced the increasing female:-
male sex ratio that has recently been detected
[Orton et al. 2006]. Smoking is also associ-
ated with several other putative autoimmune
diseases, such as systemic lupus erythemato-
sus, rheumatoid arthritis, and Graves’ disease
[Kallberg et al. 2011; Harel-Meir et al. 2007;
Prummel and Wiersinga, 1993]. In this
regard, there is some degree of plausibility
and coherence in a smoking–MS link.
There is also reasonable, albeit largely indi-
rect, biological plausibility supporting the
hypotheses that smoking could increase MS
risk and accelerate disease progression. This
will undoubtedly evolve with advances in
understanding of the early pathobiology of
MS and the mechanisms of progressive dis-
ease, especially axonal degeneration and fail-
ure of remyelination and neural repair.
Components of cigarette smoke have demon-
strable immunological effects; for example,
nicotine results in T cell immunosuppression

[Sopori and Kozak, 1998]. However, snuff
use does not appear to increase MS risk
(and may actually lower it), suggesting that
nicotine alone is unlikely to explain the
increased MS risk [Carlens et al. 2010;
Hedstrom et al. 2009]. A role for smoked
tobacco appears more plausible; at least one
study detected an influence of passive smoke
exposure on MS risk [Sundstrom et al. 2008].
Cigarette smoke also affects numerous
immune functions important in MS, such
as T cell, B cell, and natural killer cell func-
tions [Fusby et al. 2010; Motz et al. 2010a,
2010b]. It also has anti-estrogenic effects,
and female sex hormones may have favorable
effects on the course of MS [Gold and
Voskuhl, 2009; Michnovicz et al. 1986].
Furthermore, tobacco smoke contains nitric
oxide and cyanide, both of which may have
important roles in axonal degeneration and
demyelination.

8. Experimentation and (9) analogy. We will not
have randomized, controlled trials of smok-
ing and MS but experimental studies of
animal models of central nervous system
demyelinating disease would enhance our
assessment of biological plausibility.
Although we can use data from the effects
of smoking on other diseases (e.g. other auto-
immune diseases) to draw analogies with
MS, this is speculative and a weak criterion
for causation. Note that it would be of great
interest to understand the biological effects
and environmental–genetic interactions in
MS and contrast them with the apparent pro-
tective effect of smoking for Parkinson dis-
ease, a neurodegenerative disease with
genetic and environmental influences [Chen
et al. 2010].

Summary
More observational and mechanistic research is

needed, but the available evidence supports ciga-

rette smoking as an independent risk factor for

MS susceptibility (relative risk ;1.5) and associ-

ates smoking with a greater chance of developing

progressive disease and accruing more rapid dis-

ability. The mechanisms by which smoking might

influence the risk of MS and its clinical course are

unclear. Prospective studies that include genetic

analysis, account for potential confounders, and

use more objective measures of smoking exposure

are needed to enhance the case that smoking plays

a causative role in the risk and course of MS. In

the meantime, the evidence provides MS patients

with one more reason to quit smoking.
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